20% PEG8000. To generate the nucleotide bound holoenzyme crystals, the apo holoenzyme crystals were soaked in 10% PEG8000, 8% ethylene glycol, pH7.5 HEPES, and 10mM
MgCl 2 and 5mM ATP solution overnight.
Data collection and processing. The best diffracting crystals (2.3Å) for the RIIβ(R230K) 2 :C 2 holoenzyme were grown at room from macro-seeding and crystallization solution containing 30mM CH 2 Cl 2 as additives.
The best RIIβ(R230K) 2 :C 2 :(Mg 2 ADP) 2 holoenzyme crystal diffracted to 3.1Å. Datasets were collected at the Advanced Light Source beamline 8.2.2 and then processed using HKL2000 program. Initial phases were obtained using only the C subunit (PDB:1ATP) as a search model by the CCP4 program PHASER. The remainder of the model was manually built based on the density maps using Coot. The refinement was done using the REFMAC5 program in CCP4 and the simulated annealing process in PHENIX. Water molecules were added to the model at the final step of refinement. Final models were evaluated by PROCHECK.
Small Angle Scattering Evaluation. Evaluation of the Xray solution scattering curves was made by CRYSOL (40) . Previously published SAXS data (24) were used for the space filling model for fig. S2 using GASBOR (41) .
Assay for cAMP Activation Constants (Ka). Holoenzyme (10nM) was incubated for 2 min at room temperature in assay buffer that contained 1mM ATP and 10mM MgCl 2 as described by Cook et al.(42) with varying concentrations of cAMP ranging from 1nM to 100µM. The reaction was initiated by adding Kemptide (100µM), and the activity of the free C-subunit was followed using the coupled spectrophotometric assay.
Interface between the two heterodimers. The two interaction interfaces between the two heterodimers are strictly 2-fold rotational symmetry related. The β4-β5 loop' interacts with two primary contact sites. It contacts the FDDY motif (figs. S3, A and B), which is part of the AST site in the C-tail of the symmetry-related C-subunit. This interface is formed by three Cell constants 
= ΣhΣi|I(h) -I(h)i|IΣhΣi I(h)i, where I(h)
is the mean intensity after rejections. ‡Numbers in parentheses correspond to the highest resolution shell of data. ||Rwork = Σh||Fobs(h)| -|Fcalc(h)||IΣh|Fobs(h)|; no I/σ cutoff was used during refinement. ¶5.1% of the truncated data set was excluded from refinement to calculate Rfree. 
